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ABSTRACT 

At microwave frequencies, the delay imposed by tropospheric water vapor becomes a limiting error 
source for high accuracy geodetic systems. The mapping of tropospheric induced errors into 
“solved-for” parameters depends upon baseline length and observing strategy. Simulation analysis 
(and experience) indicates that in some cases, errors in estimating tropospheric delay can be mag- 
nified in their effect on baseline components. We have surveyed the various techniques by which 
tropospheric water can be estimated or measured with particular consideration to their possible use 
as a calibration technique in support of VLBI experiments. The method of remote sensing using a 
microwave radiometer seems to be the most cost effective way to provide an accurate estimate of 
water vapor delay. 


♦The research described in this paper was carried out at the Jet Propulsion Laboratory, California Institute of Technology, under 
NASA Contract NAS7-100, sponsored by the National Aeronautics and Space Administration. 
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RADIO INTERFEROMETRY 
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Figure 1. Refractivity and path delay. 



• Local verticals nearly parallel, 

• Water vapor error affects only 

LOCAL VERTICAL COORDINATE, 

• Strong common mode rejection, 

• Water vapor delay cannot be solved for. 

1000 KM) 



• Local verticals not parallel, 

• VJater vapor error enters all 

COMPONENTS OF BASELINE, 

• No COMMON MODE REJECTION. 

• Water vapor delays can be solved for. 


Figure 2 . 
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RADIOMETER SURFACE MOOa 


Figure 4. Zenith path delay during ARIES experiments as predicted by 
radiometer and a surface model. 
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RADIO INTERFEROMETRY 
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II. 

Transmission measurements 
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solar hygrometers 


B. 
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III. 

Remote sensing 
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Figure 5. Water vapor measurement techniques. 


PART I, In situ measurements 

• Radiosondes - $50 K capital investment, $100 per launch. 

Receiving equipment can be automated. 

Provides measurement at "zenith". 

Accuracy difficult to specify. 

Operates day or night and during rainfall. 

• Instrumented i - Expensive ~ $1600 per day. 

Aircraft ) Operationally inconvenient. 

Flights restricted in overcast conditions. 

Potential calibration accuracy ' 1 cm. 

$65 K capital investment (radiosonde receiving equipment). 
Operationally inconvenient. 

Not suitable for automation. 

Safety hazard. 

Potential accuracy better than surface model, 

Figure 6. Water vapor measurement techniques. 
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PART II. Transmission measurements 


Solar Hygrometer - Inexpensive l 12 can be automated. 

Only operates in solar direction. 

Inoperative under clouds or at night. 

Accuracy probably better than 3 cm at zenith - 

DEPENDS ON SOLAR ELEVATION ANGLE. 


22 GHz Satellite i - Very expensive. 

Transmitter ) Electromagnetic pollution. 

Only operates in direction of satellite. 
Poor accuracy potential. 


Optical/Microwave I - Direct measure of water vapor delay. 
Transmitter ) Expensive operational.ly. 

Needs repackaging for use in aerial platform. 
Operates day/night^ but not under clouds. 

Very high potential accuracy -- 0.3 cm. 

Figure 7. Water vapor measurement techniques. 


PART III. Remote Sensing 

LIDAR (Laser Radar) - Equipment investment - $100 K, 

Bulky packaging not suitable for mobile operations. 
Good spatial and temporal resolution of vapor profile. 
Operates day or night., not under clouds. 

Accuracy potential better than 1 cm. 


Infrared Water Vapor) - Opacity too high. 
Radiometer (WVR) ) 


Microwave Water Vapor)- Cost - $85K. 

Radiometer (WVR) ) Compact package can be automated. 

Operates day or night, not during rainfall. 
Potential accuracy 1 cm line-of-sight. 


Figure 8. Water vapor measurement techniques. 



